Resonance Raman spectra of the pyridoxal coenzyme in aspartate aminotransferase. Evidence for pyridine protonation and a novel photochemical H/D exchange at the imine carbon atom.
Resonance Raman (RR) spectra are reported for aspartate aminotransferase from pig heart cytosol, and for inhibitor complexes. They are interpreted with reference to the previously analyzed spectra of pyridoxal phosphate (PLP) Schiff base adducts. This comparison shows that, as expected, the pyridine N atom is protonated in the native enzyme at pH 5, and in the glutarate complexes at pH 8.5, and that it is also protonated in the alpha-methylaspartate complex; the stabilization of the pyridine proton at high pH must be due to the interaction with aspartate 222 seen in the x-ray crystal structure. RR spectra of the erythro-beta-hydroxy-DL-aspartate complex, representing the p-quinoid enzyme intermediate, as well as of AlIII complexes of PLP Schiff bases with phenylalanine and tyrosine ethyl ester have been obtained via the coherent anti-Stokes Raman scattering technique, and partially assigned. A novel H/D exchange at the coenzyme C4' atom has been observed for the native enzyme in D2O, and has been determined, by a combination of NMR and RR measurements, to be due to the Raman laser irradiation. This photoprocess, which is not observed for PLP Schiff bases in aqueous solution, is attributed to a photoexcited p-quinoid intermediate, similar to that implicated in the enzyme mechanism. It is suggested that this intermediate is stabilized by protein interactions which localize charge on the phenolate O atom, plausibly a hydrogen bond from the nearby tyrosine 225. H/D exchange would then follow via the aldimine-ketimine interconversion known to take place in the enzyme reaction.